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Abstract 

The plant pathogenic fungus Myrtle Rust (Puccinia psidii) was detected within the 
Northern Territory on Melville Island in May 2015, five years after its arrival in New 
South Wales. In July the rust was found on mainland Northern Territory on the outskirts 
of Darwin and in September in the Darwin suburbs. Four myrtaceous plant species 
were found infected by the rust including the indigenous shrub Uthomyrtus retusa , which 
represents a novel host for R psidii. The mode of arrival and the ecological implications 
of the spread of Myrtle Rust infection across Top End vegetation and plant industries 
are discussed. 


Introduction 

Myrtle Rust affects plants of the Myrtaeeae family which includes many well-known 
natives sueh as eucalypts (hucalyptus, Corymbid ), papcrbarks (Melaleuca), bottle brush 
(Melaleuca, formerly Callistemon ), tea tree ( Ijeptospermnm ) and lilly pillies (Sy^ygiuw). Ten 
percent of Australia’s flora belongs to the Myrtaeeae and a considerable proportion of 
these plants may be vulnerable to Myrtle Rust infection. 

Infection by Myrde Rust typically causes distortion or loss of new growth and parual 
defoliation/diebaek; thus it reduces photosynthetic capacity in susceptible plants and 
reduces reproductive capacity in some species if fruits are also infected. This fungal 
pathogen could have serious impacts on commercial and nauve plants, affecting plant 
nurseries, garden centres and forestry, tea tree and Australian native food industries. 

Myrtle Rust taxonomy and biology 

Rusts arc plant diseases caused by fungal pathogens, specifically basidiomycetc fungi 
of the order Pucciniales. Puccinia psidii is an exotie fungal pathogen of a complex of 
closely related species referred to as Myrde Rust, Eucalyptus Rust or Guava Rust. It was 
first described from a specimen collected in 1884 from Guava (Psidiumguajava) in South 
America (Winter 1884 cited in Glen et aL 2007). Myrtle Rust is now regarded as native to 
Central and South America (Ferreira 1983 cited in Carnegie et al 2015, Glenn et al 2007, 
Ramsfield et al 2010). It has subsequently spread to the USA (Marlatt &: Kimbrough 
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1979), across the Pacific to Hawaii (Uchida et al 2006), Japan (Kawanishi et al 2009), 
China (Zhuang and Wei 2011 cited in Carnegie et al. 2015) and Australia. Myrtle Rust ha^ 
reccndy been recorded in South Africa (Roux et al 2013) and also Indonesia (MeTaggaty 
2015). 

Native rusts do occur in Australia (on multiple plant families) but are rare on Myrtaceac* 
with only two rusts indigenous to three host plants. Knowledge of the rust and its lift* 
cycle arc important in understanding the impact of the organism in its environment. Rusts* 
can exhibit complex life cycles with multiple spore types (vegetauve as well as sexual) 
and alternative hosts. Myrtle Rust can, however, complete its life cycle on a single host, 
rapidly producing enormous numbers of readily dispersed infectious urediniospores vi^ 
asexual means. Furthermore, Myrtle Rust sometimes produces tcliospores which cat) 
recombine genetic material with compatible mating types, importantly yielding adaptive* 
variation (Makinson 2012). A characteristic of rusts that makes them formidable plant 
pathogens is their ability to evolve rapidly under selective pressure. 

When Myrtle Rust arrived in Australia it was thought to differ morphologically from the* 
holotype of P. psidii by lacking tcliospores. Australian material was placed in the genua 
Uredo which produces solely urediniospores, and was described as a new species, Uredo 
range lit (Simpson et al 2006). However, tcliospores have since been found on Australian 
Myrtle Rust specimens and in concurrence with a lack of molecular differences U. range Hi 
is now synonvmised as a biotype (a strain with differential physiological characteristics) 
of P. psidii and not recognised as a unique species (Carnegie & Cooper 2011). 

Results from recent molecular analysis indicate that P. psidii specimens from Australia 
are closely related to those from Hawaii (Machado et al 2015) and also those recently 
studied from Indonesia (McTaggart et al 2015). More significantly, Australian P. psidii 
specimens appear to be genetically uniform and not undergoing sexual recombination, 
suggesting that only a single predominantly asexual biotype is currently present here. 
Introductions of novel strains of P. psidii would however increase the likelihood of 
mating compatibility leading to more genetic diversity in local Myrtle Rust populations. 

Dispersal 

Unlike many fungi that can survive on dead and decaying organic matter, rusts are 
obligate biotrophs dependent on living host tissue for reproduction and survival. Rusts 
produce huge numbers of spores for wind dispersal from one host to another (Brow r n 
& Hovmollcr 2002). Rusts arc renowned long-distance dispersers with, for example, 
one race of Wheat Stripe Rust spreading from Australia to New’ Zealand in two months 
and another race spreading from western Australia to eastern Australia within a year 
(Cirgurinovic et al 2006). Rust pathogens are in fact intercontinental travellers (Gregory 
1963, Viljancn et al 2002 cited in Brown & Hovmollcr 2002). 

Myrtle Rust produces vast numbers of tiny urediniospores which are highly suited to 
aerial dispersal over long distances. The spores thick walls resist desiccation and their 
pigmentation resists ultraviolet radiation allowing them to survive high in the air column 
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for long periods without degradation. Spore longevity is thought to be approximately 
90 days (Glen et ai 2007) but would depend on ambient conditions. 

Thus, vast production of spores and their ability to travel long distances enable the 
disease to spread rapidly. Tor example, P. psidii infecting Allspice in Jamaica covered an 
area of 5000 km 2 within one year (Smith 1935 in Glen et ai 2007) and in Hawaii the 
disease spread to all (but one) islands within nine months (Killgore and Hue 2005). 

In addition to dispersal by wind. Myrtle Rust spores are spread by moving infected 
plant material including nursery stock or cut flowers. At times of movement, plants can 
appear asymptomatic as the infection may be dormant until conditions are conducive. 

Rust spores are also dispersed by human-assisted or animal-assisted means. Spores are 
inadvertently transported attached to clothing, vehicles, machinery, tools and other 
equipment (Tommerup et ai 2003) that may come in close proximity to infected plants. 
Animals such as bees, bats and birds can transport rust spores if they contact infected 
plant parts during feeding and foraging. Native bees (Tetragonuia $ pp.) have been observed 
harvesting rust spores (possibly due to the resemblance of bright orange spores and 
pollen) and arc thus potentially implicated in transfer of the disease. 

Detection in Australia 

Myrtle Rust was first detected in Australia in April 2010 on the central coast of New 
South Wales in a cut flower nursery (Carnegie et al 2010). Since this initial detection, it 
had spread to Queensland by late 2010 and to Victoria in 2011 and is now present across 
much of eastern New South Wales and Queensland. It has also been found in 2015 in 
northern Tasmania. 


Detection in the Northern Territory 

In May 2015, during a routine plant 
health inspection by Northern Australia 
Quarantine Strategy (NAQS), officers 
detected Myrtle Rust on Melville Island 
of the Tiwi Islands, Northern Territory. 
During the NAQS plant health survey 
Myrtle Rust was observed at four locations 
over the western part of Melville Island 
(Fig. 4) on three host species: 

• cultivated Beach Cherry (Eugenia 
reimvardtiand) plants; 

• native mature Utbomjrtus retitsa shrubs 
(Figs 1,2); and 

• minor (light) infection on cultivated 
Weeping Ti-tree (Leptospermum madid uni) 
G'ig. 3). 



Fig. 1. Uthon/yrtus retitsa shrubs infected by 
Myrtle Rust (Pucciniapsidii) on Melville Island, 
May 2015. (|ohn Wcstaway) 
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Fig. 2. Foliage (left) and fruit (right) of IJthornyrtus retusa infected with Myrilc Rust on Melville 
Island, May 2015. (John Wcstaway) 


Of 20 different myrtaceous species inspected on Melville Island in May only these threes 
host species displayed symptoms, with the indigenous I Jthomyrlus retusa most seriously 
affected, suggesting this species to be highly susceptible to Myrtle Rust infection. 


The Northern Territory Department of 
Primary Industry and Fisheries (DPII 4 ) had 
been conducting surveillance for Myrtle Rust 
in Darwin plant nursenes since its arrival in 
Australia. Following the detection on Melville 
Island, surveillance was undertaken in 
nurseries and mainland properties associated 
with the Tiwi Islands but the rust w f as not 
found. Highly susceptible plants in Darwin, 
including Eugenia reimrardtiatta and a stand 
of mature Sjrygtum jan/bos, were checked 



Fig. 3. Foliage of cultivated Weeping 
Ti-trcc (l jeptospennum madiduw) showing 
light infection with Myrtle Rust on Melville 
Island, May 2015. (John Wcstaw ay) 


periodically by the author and found to be symptom free. It w r as thought the most 
likely pathway for introduction of the disease w r as via human agency with nearly all 
visitors to the Tiwi Islands transiting through Darwin. However an alternative pathway 
of cyclone-assisted wind'dispersal was possible as category 4 Tropical Cyclone Lam 
passed from Queensland through the Gulf of Carpentaria and onto coastal Northern 
Territory during the February 2015 wet season, wiiich could potentially have transported 
Myrtle Rust fungal spores to Melville Island. 


Such an interstate dispersal event would not be without precedent as Sugarcane Smut 
(Sporisorium scitamineum) dispersed from Western Australia to Queensland on a particular 
w eather event (Croft et ai 2008) and it is also likely that the fungal Grapevine Leaf Rust 
that appeared in Darwin in 2001 was a result of wind-born inoculum from Timor-Leste 
or Indonesia, w'hcrc the disease is widespread (Daly Tran-Nguycn 2008). 
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puring a plant health survey of Garug Gunak Barlu National Park, Cobourg Peninsula, 
in June 2015, NAQS had an opportunity to investigate native and cultivated myrtaceous 
plant species for symptoms of Myrtle Rust infection. Eighteen different myrtaceous 
plant species were examined in the field at a range of locadons over the eastern parts 
o( Cobourg Peninsula and no evidence of Myrtle Rust infection was observed. Plants 
inspected included the three species found infected at Melville island - / Jthomyrtus retnsa, 
\ingenia reimvardtiano and L eptospermum madidttm - the first two being highly susceptible 
hosts. Evidence of Myrtle Rust on Cobourg Peninsula would certainly have lent weight 
to the cyclone pathway hypothesis. 

In July 2015, DP1E plant biosecurity officers and the author inspected local Darwin 
populations of Utbomyrtus retusa , the plant severely infected on Melville Island. The 
nearest populations are located at Berry Springs (Eig. 4) and these were found to be 
infected by Myrtle Rust, albeit more lightly than on Melville Island. 


Myrtle Rust was subsequently detected on Syyygittm armstrongii in a plant nursery in outer 
Darwin in September 2015. The infected plants were later destroyed. Syzygium armstrongii 



Fig. 4. 1 vocations where Myrtle Rust was found in 2015 on Melville Island, near Berry Springs 
and in Darwin. 
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Fig. 5, Cultivated Eugenia reinward liana shrubs infected with Myrtle Rust at the Jingili Water 
Gardens, September 2015. (John Westaway) 


had previously been recorded infected by Myrtle Rust (Giblin and Carnegie 2014), but 
those host plants were presumably cultivated as this species is endemic to the Northern 
Territory (Northern Territory Herbarium 2015). Populations of S. armsirongii occurring 
in the wild may also be susceptible to infection by P. psidii. 

Myrtle Rust was also found to have infected two cultivated Beach Cherry {Tingettia 
retmvardticunt) plants (Tig. 5) at Darwin’s Jingili Water Gardens in late September 2015. 

Potential Impacts 

Myrtle Rust infects ‘new growth’, i.e. actively growing shoots and sometimes also 
buds and fruits (Tig. 2) of susceptible myrtaceous host plants resulting in foliage die- 
back, reduced photosynthetic and reproductive capacity and increased likelihood of 
secondary disease. Infection can even lead to tree mortality in some hosts (Carnegie 
et al 2015). Potential impacts include economic loss for plant nursery industries growing 
rust-susecptible varieties of myrtaceous plants as Myrtaecac constitute an important 
component of native plant nursery stock. As mentioned above, Myrtle Rust has been 
detected on Syygtum armstrongii in a plant nursery situation. 

There arc some small-scale horticultural enterprises in the Northern Territory that 
may be vulnerable to Myrtle Rust, for example Guava ( Psidittmguajm w, P. cattkianum var. 
cattleianmn) crops and edible fruiting trees variously termed Rose/Water/Malay Apple or 
Jambu {SjtQginm aqtteum, S.jambos , S\ malaccense, S, samarangense). Currently, Myrtle Rust 
has not been seen infecting these cultivated Guava or ‘bush apple’ hosts in the Northern 
Territory. 

Monocultures of susceptible species are particularly vulnerable. There is potential for 
nursery Myrtaccae to be treated with appropriate fungicides but this is less feasible 
for commercial crops such as orchards and silvicultural plantations. Tor example, 
commercial bush-food plantations of Aniseed Myrtle ( Anetholea anisaid) and l^emon 
Myrtle {Backhousia citriodora) have been affected in New South Wales. Commercial 
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Guava and Eucalyptus plantations arc affected in Brazil and the Pimento industry in the 
Caribbean was devastated by the Myrtle Rust. 

Amenity plantings are likely to suffer a decline in aesthetic value as myrtaceous plantings 
experience dieback. This is potentially significant in Darwin and Palmerston where 
myrtaceous trees are commonly used in streetsidc amenity plantings. 

Further to the direct commercial implications inferred above, there is potential for 
significant negative impact on economic and spiritual values held by Indigenous people 
of the Top Fnd. Two examples are the importance of Sytygium fruit ‘bush apples’ as bush 
tucker and the spiritual importance of vegetation communities dominated by An-binik 
(Allosyncarpia termitd) in the western Arnhem region (Director of National Parks 2016). 

Myrtaceae 

The Myrtaceae is a large and diverse family of trees and shrubs distributed primarily 
in the southern hemisphere with considerable tropical representation. Although 
worldwide, the Myrtaceae is particularly significant ecologically in Australia as genera 
occur in 11 of the 13 major Australian plant formations (Specht 1981) and much of the 
Australian landscape is characterised by vegetation communities dominated structurally 
and/or floristically by myrtaceous plants (Pryor & Johnson 1981). On a continental 
scale, myrtaceous plants represent a high proportion of plant biomass in Australia, and 
are thus responsible for much of the plant gaseous exchange with the atmosphere and 
much of the nutrient recycling with soils - both critical environmental services. 

The Myrtaceae is a key iconic plant family in Australia accounting for approximately 
10% of the Australian flora, with more than 2250 species from amongst 95 genera 
(Australian National Botanic Gardens 2015a). The Myrtaceae contains the greatest 
number of species of any family of plants in Australia (Beadle 1981, Anonymous 1993) 
and more than half of the world s approximately 3000 species of myrtaceous plants are 
Australian (Australian National Botanic Gardens 2015b). 

A considerable proportion of this diverse Australian Myrtaceae flora occurs in the 

relatively moist climatic zone east of the 
Great Dividing Range that has rainfall 
and temperature conditions suitable for 
survival of Myrde Rust. Pucdttia psidii has 
now been reported from more than 300 
Australian Myrtaceae species from 57 
genera. Two hundred and thirty species 
have been infected in the wild and a 
further 100 by inoculation only (Giblin & 
Carnegie 2014). The risk Myrtle Rust poses 
to the conservation of Australian flora 
is accentuated by the fact that more than 



Fig. 6. Risk map for the spread of Puccini a 
psidii. (From Booth and Jovanovic 2012). 
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140 species of Myrtaccac arc nationally threatened {Environment Protection and Biodiversity 
Conservation Act 1999\ Glen et a( 2007). It is unknown how many of these threatened 
Myrtaccac are susceptible to Myrtle Rust infection but examples of known susceptibly 
species include Uromyrt/is australis and Gossia gonoclada^ both listed as endangered under 
the EPBC Act. 

Twenty-six genera of Myrtaccac are present in the Northern Territory. Many species of 
these genera occur in the semi-arid and arid zones that are not conducive to persistency 
of fungal rust infections in general Pucciniapsidii is unlikely to establish in arid regions 
due to its requirement for an extended period of leaf wetness (Ruiz et al. 1989 cited in 
Glen et al. 2007). The Top End of the Northern Territory can be defined as the area 
subject to a tropical monsoon climate (approximating the Territory north of 16 degrees 
latitude or receiving greater than 600 mm annual rainfall) and the climate here is more* 
similar to the Australian cast coast than to arid Northern Territory. Long-term impacts 
of Myrdc Rust on the natural environment of the Top End arc not known but may be 
°f 8 ravc concern as the disease inevitably spreads. A risk map for the spread of P. psidii 
(Kg. 6) developed by Booth and Jovanovic (2012) depicts the high-risk area of suitable 
climatic parameters to include the Top End of the Northern Territory. 

Recent predictive climatic modelling (Knricos et al. 2013) indicates a low ccoclimatic 
suitability for P. psidii in a limited area of eastern Arnhem Land and the Tiwi Islands 

(Kg. 7), though the authors 
caution uncertainty concerning 
the modelled risks in the tropics. 
These areas coincide with those 
predicted by the preliminary 
assessment of Booth etal. (2000) 
(1% 7). 

Fortunately the long extended 
dry season across the Top Fnd 
of the Northern Territory (with 
no effective rainfall for 5 to 6 
months) may help restrict the 
spread and impact of Myrtle 
Rust as it thrives best in humid 
mcsic conditions. The Rust’s 
requirement for leaf wetness 

' V "" . a,1, ‘J 1,1,111 113 ““^ivcncss in strongly seasonal environments 

a though how this disease behaves in the monsoonal tropics is presently unknown. A 
P ausiblc scenario may see Myrtle Rust radiating out from moist sheltered environments 
during the wet season and then contracting annually by the harsh conditions of the dry 
season back to refuges such as irrigated gardens, spring jungles and riparian vegetation. 
Melaleuca or Sjygmm species in Top End riparian habitats may however present suitable 



* 

I * 



Fig. 7. Climate suitability map for Puccinia psidii in 
Australia as indicated by the CLIMEX Ecoclimatic Index 
(Kriticos elat. 2013) left, and risk areas identified by 
Booth el at. (2000) for the Northern Territory, right. 


(Zauza et nl 7010*0 man i;™* 
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host and microclimatic conditions for the pathogen to survive the dry season, permitting 
more or less permanent naturalisation of P. psidit in at least some parts of the Top End. 

The number of Myrtaccac taxa present in the Top End of the Northern Territory can be 
calculated by subtracting the number of arid zone Myrtaccac (Albrecht et ah 2007) that 
do not extend their distributions into the Top End from the total Northern Territory 
Myrtaccac flora (Northern Territory Herbarium 2015; Department of Land Resource 
Management 2014). This yields some 151 Top End Myrtaccac taxa from 21 genera; with 
66 species (of 14 genera) recorded for the Darwin region alone (Dunlop et al 1995). In 
contrast to most rusts that infect only a few species, Myrtle Rust is remarkable for its 
wide host range. Under laboratory conditions about 90% of Australia Myrtaccac tested 
proved susceptible to Myrtle Rust to some degree (Morin et al. 2011). Given the diversity 
of species found to be susceptible to Myrtle Rust in Queensland (Giblin & Carnegie 
2014, Queensland Government 2015), it seems reasonable to surmise that many/dozens 
of Top End species are also likely to be susceptible. Great variation has been observed 
in the level of susceptibility of myrtaccous plants to this rust ranging from relatively 
tolerant (c.g. many cucalypts) to extremely susceptible (e.g. Eugenia reitnvardtiana, Melaleuca 
quinquenema). Some species, c.g. Wbodammia mbescens and PJmlomyrtus psidioides , are 
impacted to the extent that many individuals die (Carnegie et al. 2015). Most susceptible 
species however are not killed but their reduced fitness and health are likely to affect 
their recruitment capacity. Susceptibility is also highly variable even among individuals 
of the same species (Zuaza et al 2010b; Carnegie et al 2015). 

Many widespread common Myrtaccac species of the Top End (e.g. Eucalyptus tetrodonta } 
Eucalyptus miniatd) as yet show no signs of infection and hopefully this suggests a level of 
tolerance, supported by the observation that mature cucalypts in eastern Australia, where 
Myrtle Rust has been established for longer, appear resistant to the disease. However as 
most Australian Myrtaccac arc naive to rust disease they may yet prove to be susceptible, 
as pathogens are often more virulent on naive hosts (Glen etal 2007). There is possibly a 
delay time frame before such species become susceptible, perhaps related to Rust strain 
(biotype), local inoculum loads and mutations rates. 

Utbomyrtus retusa, the new host record for Myrtle Rust, appears to be especially susceptible 
based on observations that nearly all individuals (n=100s) inspected on Melville Island 
were infected (with most being 
severely infected) (Figs 1-3) whilst 
all other Myrtaccac (c.g. Eucalyptus, 

Corymbia } Melaleuca , Ijtphostewon, 

Calytnx ) in close proximity 
showed no symptoms. The genus 
Utbomyrtus has its evolutionary 
centre in the Northern Territory 

with all but two of the ten species Fi g. 8 - Utbomyrtus relusa collections at Australian 

herbaria. (Map courtesy of AVI 1) 
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occurring here. Uthomyrtus retusa is a widespread species across northern Australia 

( 1 % 8 ). 


By contrast, seven of the other eight Uthomyrtus species that occur in the Northern 
Territory are endemic to the Northern Territory including the fire sensitive Uthomyrtus 
Iwariijoha which occurs amongst sandstone outcrops on the western Arnhem Land 
Plateau. Applying 1UCN conservation criteria L. Hnariifolia is listed under the Territory 
Parks and U ildlife Conservation Act 2000 as ‘Vulnerable’ to inappropriate fire regimes on 
account of its obligate seeding regeneration method and also vulnerable to stochastic 
events due to its small population size (estimated at <1000 mature individuals). It is 
not known whether U Hnariifolia is susceptible to Myrtle Rust. The related L ohtusa that 
occurs in coastal Queensland is reported as being susceptible (Giblin & Carnegie 2014) 
but con specific status does not appear to confer susceptibility as the diverse list of 
susceptible versus tolerant Myrtaceae indicates (see Queensland host list, Queensland 
Government 2015). 


Although L hnariifolia is the only threatened Myrtaceae species in the Top End there 
are several restricted range Myrtaceae of conservation value that may be susceptible 
to Myrtle Rust, including the iconic Arnhem Land monsoon forest dominant tree 
Allosyncarpia ternata. Allosyncarpia is taxonomically significant as a monospecific genus 
and A. ternata is a keystone monsoon forest plant endemic to the specialised geology of 
the sandstone plateau in western Arnhem Land. Although A. ternata is locally common 
in sheltered or less fire prone sites on the plateau, its distribution globally is a very 
limited area. Myrtle Rust has not been found on A. ternata in the wild but the species 
has been infected in a deliberate inoculation test by CS1RO (Giblin & Carnegie 2014). If 
Allosyncarpia trees were susceptible, potential impacts may include reduced recruitment 
and vigour, canopy loss and marginal attrition of the forest community which could 
expose this Arnhem Land monsoon ecosystem to further fire and weed incursion. 

Calytrtx is another Myrtaceae genus with many endemic or restricted range species in the 
p End. There are six Calytnx species (C. decussata , C. fauacola, C. inopinata , C. miniana , 

• rupestm and C. surdimperami) endemic to the Arnhem Plateau Sandstone Shrubland 
-ornplcx ecological community (Department of the F.nvironment 2015a), with all but 
t e first two being listed with a conservation status of ‘Near Threatened’. It is unknown 
whether any of these endemic plants are susccpdble to Myrtle Rust. A single Ca/jtrix 
1 tetr ‘igoua from eastern Australia, has tested positive to P. psidii but only by 

tnocu auon test, not in the wild. The reduced leaf surface area and sclerophyllous nature 
o tMtytnx may confer some anatomical resistance to infection. 


A further nine Top P.nd Myrtaceae - hwf , sp . Kccp Rivcti 

ami S - AfcJw* Northern 

Terntory endemtes) are a[l eonaidered of conservation concern and listed as “Near 
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Threatened” in the Northern Territory (Northern Territory Herbarium 2015). It is not 
known whether or not these species are susceptible to infection by Myrtle Rust. 

Rock Myrtle ( Peiraeomyrtus puniced) is another key endemic Myrtaeeac species of the 
threatened Arnhem Plateau Sandstone Shrubland Complex ecological community 
(Department of the Environment 2015b) and its susceptibility to Myrtle Rust is also 
unknown. 

Vast tracks of the Top End landscape support vegetation comprised of paperbark 
trees of the Myrtaeeac genus Melaleuca , sometimes occurring as monospecific and/or 
dense stands. There are seven Melaleuca species in the Top End that form extensive 
vegetation communities, typically on poorly drained or seasonally inundated soils with 
Melaleuca leucadendra and M. cajuputi amongst the tallest and best formed tree species in 
the Northern Territory (Dunlop et al. 1995) 

Melaleuca viridiflora , M. cajuputi and M. leucadendra are all of high ecological significance in 
the Northern Territory as significant character species of several swamp forest, wetland 
and riparian vegetation communities across the Top End. They could be regarded as 
keystone species for these communities due to their provision of nectar, pollen, foraging 
and sheltering substrates and other resources for wildlife such as birds and including 
migratory species. On account of their community dominance across broad geographic 
ranges, these Melaleuca species also contribute substantially to the ecological sendees of 
water regulation and carbon sequestration. As M. leucadendra is particularly dependent 
on perennial w f atcr sources its potential demise due to Myrtle Rust may have negative 
hydrological and biodiversity repercussions in sensitive riparian habitats. SytQgium 
armstrongii is another important Myrtaeeac tree of Top End riparian habitats and this 
Northern Territory endemic species has recendy been observed infected with Myrde 
Rust in a nursery situation. 

Myrde Rust has been recorded in New South Wales and Queensland on A L viridiflora 
and M. leucadendra , both of which are rated as ‘highly susceptible’, and also on the 
closely related Broad-leaved Paperbark {Melaleuca quhiquemrvia) which is rated as 
‘extremely susceptible’ (Queensland Government 2015). Myrtle Rust severely damaged 
naturalised (introduced) AL quinqitenervia in Florida in 1977 (Carnegie & 1 .idbetter 2012) 
and has been reported to impact on growth rate and tree structure in eastern Australia 
(Makinson 2014). A lelaleuca viridiflora is an integral component of diverse tropical lowland 
environments across northern Australia. If indigenous populations of AL viridiflora 
were to succumb to the effects of this pathogen then there would likely be significant 
detrimental ecological flow r -on effects depending on the degree to which this species is 
impacted. Even if individual plants are not killed, reduced plant health fitness means 
less nectar production. Furthermore, their reproductive capacity is likely to be impaired, 
resulting in lower recruitment and perhaps a slow' demise of this significant vegetation 
community with unknown but likely deleterious implications for its dependant wildlife. 
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Fucalypts (Et/caLypl/ts, Corymbia and Angopbora) constitute the structural and/or floristic 
dominant tree species of much of non-arid Australia. Nearly 80 cucalypts (approx. 10% 
of total) are known to be susceptible to Myrtle Rust though most of these records arc 
from laboratory inoculation tests rather than field observations (Giblin and Carnegie 
2014). Furthermore, most mature cucnlypts show some resistance or have only a low 
level of susceptibility. It appears that the vital life stages of seedlings and saplings, as well 
as cpieormie and coppice growth, are most susceptible to Myrtle Rust infection. This 
is significant ecologically in Australia for post-fire regeneration and cohort-recruiting 
species in native ecosystems. Some of the susceptible cucalypts include important 
forestry species with the major impact for native forestry likely to be on succession, as 
regenerating seedlings are most vulnerable (Makinson 2014). 

Across the Top End and perhaps indeed northern Australia, Darwin Stringybark 
(Eucalyptus letrodontd) and Darwin Woolybutt {Eucalyptus mimatd) arc probably the most 
prevalent and widespread tree species. It is not understood if either of these two species 
are susceptible to infection by Myrtle Rust and if so to what degree infected plants may 
be impacted. Testing in cucalypts indicates there is substantial variation in susceptibility 
wtithin the same species and between plants from different areas (Zuaza el aL 2010b). 

Ecological interactions 

There is likely to be interaction at the plant community level between the pathogen, the 
plant host and abiotic factors such as climate and fire. The impacts of Myrtle Rust may 
be most significant in situations where host plants are already stressed due to climatic 
conditions such as drought, fire regimes, competition from weeds and other factors that 
have reduced the resilience of the native vegetation communities. Myrtle Rust s greatest 
impact may be on plant community succession. If Myrtle Rust hampers regeneration 
of key or dominant Myrtaceae species thus impeding their ability to compete, there is 
potential for major changes in plant community composition at the landscape scale. Such 
changes would spell habitat loss for native flora and wildlife amounting to fundamental 
alteration of Australia’s ecology. Poor recruitment and succession resulting in canopy 
decline may also increase fire impacts and promote invasion of weeds into light or 
canopy gaps. Furthermore, abiotic consequences such as soil erosion and reduced water 
retention and quality may be exacerbated. 

Depending on Rust strain, degree of virulence, environmental conditions and 
development of tolerance, this disease has the potential to alter the composition and 
function of forest, woodland, heath and wetland ecosystems. The extended severe 
dry season conditions typical across the Top Fnd arc however not conducive to the 
prospering of fungal rust pathogens. Top Fnd temperatures may not always suit Myrtle 
Rust as spore longevity is apparently diminished at temperatures greater than 30°C 
(Glen el aL 2007) and spore germination rates reduce in overnight temperatures greater 
than 20°C (Kriticos el aL 2013). 
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Susceptibility and impact on host plants may vary into the future as climatic parameters 
such as rainfall seasonality change, possibly making some areas more favourable 
to Myrtle Rust and others less so. The potential for greater impacts may arise if the 
generic diversity of the pathogen increases through recombination with novel strains. 

A genetie/evolutionary ‘arms race 5 may ensue between plant hosts developing tolerance 
and the fungal pathogen evolving to more virulent strains. Due to the relatively rapid 
reproductive cycle of fungi compared to that of long-lived perennial vascular plants, the 
odds favour the pathogen. 

Myrtle Rust cannot be eradicated and will continue to spread, as the fungus produces 
incalculable numbers of spores that disperse readily via wind, animals and human 
activity. As there is no practical way to manage the airborne spread of spores, land 
managers may have to adapt their management practices where possible, for example 
by addressing other/concomitant pressures such as fire and weeds to alleviate overall 
impacts. Land managers may be able to utilise management tools such as fire to assist 
with protection of vulnerable high conservation value vegetation. 

Though we cannot eliminate Myrtle Rust from northern Australia, we can slow down 
its spread, manage its impacts and undertake research to discover its full host range 
whilst seeking longer term solutions. Maintenance and strengthening of quarantine and 
bioseeurity practices to avoid new genetic strains of Myrtle Rust arriving in Australia will 
help in limiting the pathogens impacts. The Northern Territory Department of Primary 
Industry and Fisheries has a website with information about Myrtle Rust, and it makes 
the following recommendations regarding what the public can do to help reduce the 
spread of Myrtle Rust in the Northern Territory: 

• avoid importing Myrtaecae plants from New' South Wales and Queensland; 

• if bringing plants in from New' South Wales and Queensland, make sure they have 
been treated with an approved fungicide; and 

• practise good hygiene when working with plants. Cleaning equipment such as 
secateurs after use will help reduce the spread of other plant diseases as well. 

Territory residents and nursery growlers arc asked to report suspected infected plants by 
contacting the Exotic Plant Pest Hotline on 1800 084 881. It is also important to avoid 
plant movements into uninfected areas. If people suspect they have come into contact 
with Myrtle Rust then careful decontamination of clothing and equipment is required. 

Makinson (2012) provides detailed advice on appropriate responses to the threat of 
Myrtle Rust spread including vulnerable asset identification, risk assessment, precautions, 
decontamination methods, hygiene protocols and options for risk reduction. 

Acknowledgements 

1 am grateful to my colleague Rebecca James, who first noticed Myrtle Rust whilst we 
w’ere on survey together at Melville Island and for her advice and patience in explaining 
the strange w-orld of plant disease to a non-pathologist. 1 thank Bob Makinson for 




26 


Northern Territory Naturalist (2016) 27 


Wcstaway 


generously sharing his substantial knowledge of Myrtle Rust and its potendal impacts. 

This paper benefited from a thoughtful review by Northern Territory ecologist David 

Liddle. Thanks also to Northern Territory Department of Primary Industries staff for 

sharing their data and to Bob Makinson and Richard Willan for encouraging me to 

prepare this information for the Territory audience. 

References 

Albrecht D.E., Duguid AAV., Coulson H., Harris M.G. and Latz P.K. (2007) I 'oscularVlaulChecklist 
for the Southern Bioregions of the. Northern Territory: Nomenclature , Distribution and Conservation 
Status , Second Edition. Northern Territory I lerbarium, Alice Springs. Northern territory 
Government Department of Natural Resources, Environment and the Arts. 

Anonymous (1993) Census of Australian I 'oscular Plants (CACP) Computer Database (June 1993). 
IBIS data network, Australian National Botanic Gardens, Canberra. 

Australian National Botanic Gardens (2015a) Australiau-flora-stalistics , Australian Government, 
Canberra. <https://www. an bg.gov.au/aust-vcg/APC-genera-per-family-2010.html> 

(accessed 15 Nov ember 2015). 

Australian National Botanic Gardens (2015b) Australian-flora-statistics , Australian Government, 
Canberra, <https://wvwv.anbg.gov.au/aust-vcg/australiaivflora-statistics.htm> (accessed 15 
Nov ember 201 5). 

Beadle N.C.W. (1981) Origins of the Australian angiosperm flora. In: Urological biogcography of 
Australia (ed. Keast A.), pp. 407—426. Dr W. Junk, 'Hie I lague. 

Booth T.H., Old K.M. and Jovanovic V. (2000) A preliminary assessment of high risk areas 
for Puccinia psidii (Eucalyptus Rust) in the Neotropics and Australia. Agriculture Ecosystems and 
Environment 82, 295-301. 

Booth T.H. and Jovanovic T. (2012) Assessing vulnerable areas for Pucci nia psidii (eucalyptus rust) 
in Australia. Australasian Plant Pathology 41, 425^129. 

Brown J.K.M. and Hovmoller M.S. (2002) Aerial dispersal of pathogens on the global and 
continental scales and its impact on plant disease. Science Washington. 297, 537-541. 

Carnegie A.J., Iddbetter J.R., Walker J., Horwood M.A., Tcsoricro L., Glen M. and Priest M.J. 
(2010) Credo range/if a taxon in the guava rust complex, newly recorded on Myrtaceae in 
Australia. Australasian Plant Pathology 39, 463-466. 

Carnegie A. and Cooper K. (2011) Emergency response to rhe incursion of an exotic myrtaccous 
rust in Australia. Australasian Plant Pathology 40(4), 346—359. 

Carnegie A.)., Kathuria A., Pegg G.S., Hntwistlc P., Nagel M. and Giblin HR. (2015) Impact of the 
invasive rust Pucci nia psidii (myrtle rust) on native Myrtaceae in natural ecosystems in Australia. 
Biological Invasions DOI 10.1007/s 10530-015-0996 y. 

Carnegie A.J. and Lidbettcr J.R. (2012) Rapidly expanding host range for Pucciuiapsidii sensu lato 
in Australia. Australasian Plant Pathology 41(1), 13-29. 

Croft B.J., Magarcy R.C., Allsopp P.G., Cox M C, Willcox T.G., Milford B.J. and Wallis H.S. (2008) 
Sugarcane smut in Queensland: Arrival and emergency response. Australasian Plant Pathology 
37, 26-34. 

Daly A. and Tran-Nguyen L. (2008) Grapevine Leaf Rust - Incursion Risk Analysis and 
Improvement of PCR Diagnostics (Project ID). Internal Report, Northern Territory 
Government. 

Department of the Environment (2015a) Arnhem Plateau Sandstone Shrubland Complex 
Appendix A. <http://wwvv.environment.gov.au/biodivcrsity/thrcatened/communities/ 
pubs/11 l-listing-advicc-appendiccs.pd£> (accessed 9 October 2015). 




Myrtle Rusi in the Northern Territory 


Northern Terri tor)’ Naturalist (2016) 27 


27 


Department of the Environment (2015b) Arnhem Plateau Sandstone Shrubland Complex, 
Advice to the Minister for Sustainability, Environment, Water, Population and Communities 
from the Threatened Species Scientific Committee on an Amendment to die List of 
Threatened Ecological Communidcs under the EPBC Act. <http://www.en\ r ironmcnt.gov. 
au/biodiversity/thrcatened/communitics/pubs/111-listing-ad vice. pdf> 

Department of Land Resource Management (2014) Checklist of the Vascular Plants of the Northern 
Territory. Northern Territory Herbarium, Department of Land Resource Management. 

< h ttp: / / www.lrm.nt.gov.au/plants-and-animals/herbarium/ plant-species-iist-and-fact- 
shects> (accessed 10 November 2015). 

Director of National Parks (2016) Kakadu National Park Management Plan 2016—2026 A living 
Cultural landscape. Kakadu National Park Board of Management and Director of National 
Parks Australian Government. 

Dunlop C.R., Leach G.J. and Cowie l.D. (1995) Ploraoj the Darwin region. Conservation Commission 
of the Northern Territory, Darwin. 

Environment Protection and Biodiversity Conservation Act (1999) EPBC Act List of Threatened 
Flora, Department of Environment and Energy, Australian Government. <https://www. 
cnvironmcnt.gov.au/cgi-bin/sprat / public/public threatcncdlist.plr\vanted=flora > 

Ferreira F.A. (1983) Fcrrugem do eucalipto. [Eucalyptus rust|. Re vista /Xrvore 7, 91—109. 

Giblin 1 and Carnegie A.J. (2014) Puccinia psidii (Myrtle Rust) - Australian host list. Version current 
at 24 September 2014. <http://mvw.anpc.asn.au/resourccs/Myrde_Rust.html> 

Glen M., Alfcnas A.C., '/auza E.A.V., Wingfield M.J. and Mohammed C. (2007) Puccinia psidii : a 
threat to the Australian environment and economy - a review. Australasian Plant Pathology 30, 
1-16. 

Gregory, P.H. (1903) The spread of plant pathogens in air currents. Advancement of Science 19, 
481-488. 

Grgurinovic C.A., Walsh D. and Macbeth F. (2000) Eucalyptus rust caused by Puccinia psidii and the 
threat it poses to Australia. liPPO bulletin 30, 480-489. 

Kawanishi T. f Uematsu S., Kakishima M., Kagiwada S., Mamamoto H., Moric 11. and Namba 
S. (2009) First report of rust disease on Ohia and the causal fungus, Puccinia psidii , in Japan, 
Journal of General Plant Pathology 1 5, 428-431. 

Killgore E.M. and 1 leu R.A. (2005) Ohia Rust Puccinia psidii Winter. New Pest Advisory no 05-04. State 
of 1 lawaii. Department of Agriculture: Honolulu. 

Kriticos D.J., Morin L., Leriche A., Anderson R.C. and Calcy P. (2013) Combining a climatic niche 
model of an invasive fungus with its host species distributions to identify risks to natural 
assets: Puccinia psidii Sensu Nr to in Australia. PUjS ONE 8(5), c64479. doi: 10.1371 /journal, 
pone.0004479 

Machado P.D.S., Alfenas A.C., Alfcnas R.E, Mohammed C.J. and Glen M. (2015) Microsatellitc 
analysis indicates that Puccinia psidii in Australia is mutating but not recombining. Australasian 
Plant Pathology 44, 455-402. 

McTaggart A.R., Roux J., Granados G.M., Gafur A., Tarrigan M., Santhakumar P. and Wingfield 
M.|. (2015) Rust {Pucciniapsidii) recorded in Indonesia poses a threat to forests and forestry in 
SoudvEast Asia. Australasian Plant Pathology doi:10.1007/sl33l3-015-0386-z 

Makinson R.O. (2012) Myrtle Rust - a new threat to Australia’s biodiversity. A course on Myrtle 
Rust recognition , reporting , risk assessment , impacts , and management concepts and techniques. Version 
3.1. Australian Network for Plant Conservation Inc., in association with the Royal Botanic 
Gardens & Domain Trust, Sydney. 




28 


Northern Territory' Naturalist (2016) 27 


VCcstaway 


Makinson R.O. (2014) Key Threatening Process Nomination for: ‘Introduction* establishment, 
and spread of, and infection by, exotic rust fungi of the order Pucciniales pathogenic on plants 
of the family Myrtaccac’. Confidential unpublished nomination under Environment Protection 
and Biodiversity Conservation Act J999 (EPBC Act). 

Marian R.B. and Kimbrough JAV (1979) Pucdnia psidii on Pimenta dioica in south Florida. Plant 
Disease Reporter 63, 510-512. 

Morin L., Aveyard R. and Lidbctter J. (2011) Myrtle rust: host testing under controlled conditions. 
CSIRO Ecosystem Services and NSW 7 Department of Primary Industries. 

Northern Territory Herbarium (2015) FloraNT Northern Territory l : /ora Online . Department of Land 
Resource Management, http://eflora.nt.gov.au (accessed 16 November 2015) 

Pryor L.D. and Johnson L.A.S. (1981) \ eucalyptus, the universal Australian. In: Vico logical hiogeograpfy 
of Australia (cd. Keast A.), pp. 499-536. Dr W Junk, The Plague. 

Queensland Government (2015) Known plants affected by Myrtle Rust. <https://\vvvw.business. 
qld.govau/industry/agriculture/land-management/hcalth-pests wecds-discascs/weeds-and- 
diseases/identify miyrtlc-rus t/plan ts-affected-myrtlc-rust> 

Ramsfield T., Dick M., Bulman L. and Ganlcy R (2010) Briefing document on Myrtle Rust, a 
member of the Guava Rust complex, and the risk to New Zealand. SCION Research (Scion 
New Zealand Crown Research Institute, Rotorua NZ). 

Roux J., Grey ling I., Coutinho T.A., Verlcur M. and Wingfield M.J. (2013) The Myrtle rust 
pathogen, Pucdnia psidii , discovered in Africa. IMA Fungus 4(1), 155-159. doi:l0.5598/ 
imafungus.2013.04.01.14 

Ruiz R.A.R., Alfenas A.C., Ferreira HA. and do Vale F.X.R. (1989) Influence of temperature, time 
of leaf wetness, photoperiod and intensity of light on infection by Pucdnia psidii in leucalyptus. 
Vitopatologia Brasileira 14, 55-64. 

Simpson J.A., Thomas K. and Grgurinovic C.A. (2006) Urcdinalcs species pathogenic on species 
of Myrtaccac. Australasian Plant Pathology 35, 549-562. 

Smith F.H.V. (1935) Rust Disease of Pimento. The Journal of the Jamaican Agricultural Sodety 39, 
408-411. <http://www.cabdirect.org/abstracts/19351101863.html> 

Spccht. R.L. (1981) Major vegetation formations in Australia. In: lecological biqgeograpfjy of Australia 
(ed. Keast A.), pp. 163-297. Dr VK Junk, The I laguc. 

lommerup I.C., Alfenas A.C. and Old, K.M. (2003) Guava rust in Brazil - a threat to [eucalyptus 
and other Myrtaccac. New Zealand Journal of Forestry Sdeuce 33, 420-428. 

Uchida J., Zhong S. and Killgorc E. (2006) First Report of a Rust Disease on Ohia Caused by 
Pucdnia psidii in Hawaii. Plant Disease 90, 524. 

\ iljancn Rollinson S.L.H. and Cromey M.G. (2002) Pathways of entry and spread of rust 
pathogens: Implications for New Zealand's biosccurity. Neiv Zealand Plant Protection 55, 42-48. 

Winter G. (1884) Repertonum. Rtibcnhorstiifungi europad et extraeuropaci. Cent. XXXI et XXXII. 

/ ledirigia 23, 164—172. 

Zauza E.A.V., Couto M.M.F., Lana V.M. and Maffia L.A. (2010a) Vertical spread of Pucdnia psidii 
urediniospores and development of eucalyptus rust at different heights. Australasian Plant 
Pathology 39, 141-145. 

Zauza E.A.V, Couto M.M.F., Lana V.M. and Maffia L.A. (2010b) Myrtaccac species resistance to 
rust caused by Pucaniapsidii. Australasian Plant Pathology 39, 406—411. 

Zhuang J.A and Wei S.-X (2011) Additional materials for the rust flora of Hainan Province, 
China. Mycosystema 30(6), 853-860. 




